Autonomous proliferation of malignant cells in culture is a frequently observed feature. This capacity may occur as a result of autocnine secretion of growth factors, circumventing the need for exogenous growth stimulatory signals. Proliferation in the absence of exogenous peptide growth factors, coexpression of growth factor and its receptor and inhibition of autonomous proliferation in the presence of specific neutralising antibody to the putative growth factor or its receptor are typical attributes of such cell lines. Since the statement of the autocrine hypothesis (Sporn & Todaro. 1980) . the existence of these autocrine loops have been described for several different growth factors secreted by carcinoma derived cell lines (Sporn & Roberts, 1992; Pusztai et al.. 1993) .
Mesothelioma. the tumour derived from mesothelial cells. is mainly associated with exposure to asbestos fibres, as well as to other natural or man-made carcinogenic fibres (Barrett et al., 1989 : Merchant, 1990 ). In vitro experiments using mesothelial cells and mesothelioma cell lines allow the study of growth conditions and mechanisms of these cells. For the culturing of human mesothelial cells, epidermal growth factor (EGF) is an essential element of the culture medium (LaRocca & Rheinwald, 1985 ; Lechner et al., 1989) . EGF may facilitate the establishment of human mesothelioma cell lines. but it is not required for long-term culture (Versnel et al., 1989) . Among a large panel of defined growth factors tested, EGF has been described to exhibit a mitogenic activity on human mesothelioma cell lines .
The EGF family comprises a growing number of molecules related to EGF by amino acid sequence homology and or structural similarity (Davis. 1990 ). Transforming growth factor a (TGF-a ) is a member of this family (Derynck. 1988 ).
The mature TGF-a molecule (50 amino acids) is released bx proteolytic cleavage (Cappelluti et al.. 1993 ) from the precursor pro-TGF-a (160 amino acids). which is anchored in the cell membrane. There is increasing evidence that TGF-m plays an important role in the proliferation control of normal and neoplastic tissues (Lee et al.. 1992 shown to bind to the EGF receptor (EGFR) in order to stimulate the proliferation of various carcinoma cell lines (Massague, 1990) . For autocrine activity coexpression of TGF-a and EGFR is required, a pattern observed in numerous tumour tissues and tumour-derived cell lines, e.g. coexpression of TGF-x and EGF was found in 38% of nonsmall-cell lung cancers (Rusch et al., 1993) . We have shown in our previous studies that EGF has a mitogenic potential on mesothelioma cell lines . Several reports indicate that 50-80% of mesothelioma samples bear EGFR (Dazzi et al., 1990; Kayser et al., 1990; Ramael et al., 1991) . Considering these facts, we aimed to elucidate the possible autocrine role of the EGF TGF-a -EGFR route in four human lung mesothelioma cell lines.
Materals and methods

Cell cultures and media conditioning
The pleural mesothelioma cell lines ZL5, ZL34, ZL55 and SPC212 were established from previously untreated patients as previously described (Schmitter et al., 1992) . Cells were routinely cultured in RPMI-1640 medium (Gibco Laboratories, Glasgow, UK) supplemented with 2 mM glutamine (Flow Laboratories, Irvine, UK) and 10% FCS (PAA, Linz, Austria) at 37°C in a humidified atmosphere with 5% carbon dioxide.
For production of conditioned media, subconfluent cells were washed twice with PBS and further cultured over 5 days in protein-free RPMI-1640 medium alone as described previously . Supernatants were spun at 700g for 15min and stored at -80'C.
[3H]thymidine incorporation assays The mitogenic activity of growth factors and control media was determined by a [3H]thymidine incorporation assay as described in detail elsewhere . Briefly, cells were grown in RPMI-1640 10% FCS medium for 2-3 days in 75cm' culture flasks, washed twice with PBS and incubated in protein-free RPMI-1640 medium for 24 h. These Br. J. Cancer (1994). 70, 850-856 (D Macmillan Press Ltd.. 1994 serum-depleted cells were then detached using trypsin 0.05% EDTA 0.02% (Seromed, Berlin. Germany) Growth factor (ng ml-') Fiue 1 Dose-response patterns of the cell lines ZL5. ZL34. ZL55 and SPC212 to EGF (0) and TGF-a (0). human small-cell lung cancer cell line NCI-H69 as an EGFRnegative control (Weynants et al., 1990) Kayser et al., 1990; Ramael et al., 1991) . We cannot exclude the possibility that during establishment of the cell lines selection of the EGFR-bearing tumour samples occurred, since it has been reported that the presence of EGF in the culture medium enhances the success rate in establishing mesothelioma cell lines (Versnel et al.. 1989) . It has been demonstrated that mutated non-cleavable forms of pro-TGF-a accumulating on transfected cells retain their ability to interact with EGFR of neighbouring cells in culture (Brachmann et al.. 1989 : Anklesaria et al.. 1990 ). The hypothesis that membrane-anchored TGF-a activates EGFR of adjacent cells through a juxtacnrne mechanism has been further supported by the observation that unmodified cellassociated TGF-a is able to stimulate autonomous growth (Zorbas & Yeoman. 1993) . Directed secretion has been descnrbed as another possibility to initiate signal transduction: in this concept. TGF-a is released locally into the intercellular space lying between two neighbouring cells which are in close contact (Singer. 1992) . Moreover, it has been postulated that TGF-a interacts with EGFR intracellularly and induces cell proliferation via an internal autocrine loop (Sizeland & Burgess. 1992) . It cannot be excluded that more than one mode of ligand-receptor interaction is involved in a given system.
Here we show that the two mesothelioma cell lines ZL5 and ZL34 release soluble TGF-a and express membraneanchored pro-TGF-a. In the cell line ZL5. an external auto- . including EGF and TGF-a. Our previous results indicate that a partially characterised ZL5-derived growth activity (MGA: mesothelioma-derived growth activity) is not related to EGF-like molecules Schmitter et al., 1993) . We conclude that, although a potential autocrine role of TGF-a cannot be excluded, there is at least one other mechanism involved in the autocrineregulated growth of the cell line ZL5. In the case of the cell line ZL34, neutralising antibodies directed against TGF-( or EGFR inhibited DNA synthesis, pointing to the existence of an external autocrine TGF-a loop. DNA synthesis was only partially reduced after treatment with neutralising antibodies. The residual DNA synthesis could be due to EGFR activation in compartments which are not accessible to antibodies (internal autocrine loop or directed secretion) and, or to an unrelated mechanism, as in ZL5 cells. Indeed, ZL34 cells also produce a mitogenic activity with similar characteristics as the ZL5-derived growth activity (MGA) (our own results).
In vitro studies with normal human mesothelial cells have shown that transfection with the activated c-H-ras oncogene EJ-ras leads to EGF independency and release of an unidentified EGF-like activity (Tubo & Rheinwald, 1987) . It could well be that the EGF-like substance secreted by these rastransformed mesothelial cells was identical to TGF-x, as has been reported in the case of similarly treated mouse mammary cells (Salomon et al., 1987) . A correlation between the expression of ras and the amount of released TGF-a has been reported in transfected rat intestinal epithelial cells (Filmus et al., 1993) . Furthermore, the human mesothelial cell line MeT5A, immortalised by SV40 transfection, became tumorigenic after transformation with EJ-ras (Reddel et al., 1989) . Taken together, these observations suggest that in the case of the human mesothelioma cell lines ZL34 the production of TGF-a might be linked to ras oncogene activation, although K-ras activation has so far not been detected in mesothelioma cell lines (Metcalf et al., 1992) .
Exposure to asbestos fibres produces various immunological reactions in the mammalian lung. In rats chrysotile asbestos fibres stimulate the alveolar macrophages to release tumour necrosis factor a (TNF-a) and other inflammatory mediators (Dubois et al., 1989; Ouellet et al., 1993) . Human monocytes in vitro exposed to asbestos release TNF-a among other cytokines in a dose-dependent manner (Prewitt et al., 1993) . It has been shown that exogenous TNF-a up-regulates in vitro expression of TNF-a and EGFR in human pancreatic carcinoma cells (Schmiegel et al., 1993) . Interestingly, ZL34 cells produce TNF-a (our own observation) as well as granulocyte-macrophage colony-stimulating factor (GM-CSF) (Schmitter et al., 1992) , which is known as an activator of TNF-a production (Lindemann et al., 1988) . Moreover ZL34 cells secrete interferon-y (our own observation), a cytokine which also enhances TGF-a expression (Hamburger & Pinnamaneni, 1993) . Thus, ZL34 cells release various cytokines potentially involved in the up-regulation of TGF-a, which might be an additional indication for the significant role of TGF-a in ZL34 cells.
To date several possibilities of loss of growth control in mesothelioma have been described:
1. Platelet-denrved growth factor (PDGF) has been postulated to act as an autocrine growth factor in mesothelioma (Gerwin et al., 1987) . While initially it remained unclear whether PDGF-A or -B chain might be involved (Versnel et al.. 1988 (Versnel et al.. , 1991 Langerak et al., 1993) , recent reports favour the hypothesis of an involvement of PDGF-A chain, since in vitro treatment with antisense oligonucleotides to the PDGF-A gene, but not to the PDGF-B gene, result in a significant inhibition of mesothelioma cell growth (Garlepp et al., 1993 . 4. In this report, we now describe an autocrine loop involving TGF-a/EGFR in the mesothelioma cell line ZL34.
This diversity of mechanisms affecting growth regulation might reflect carcinogenesis of mesothelioma as a result of exposure to carcinogenic fibres. A multitude of alterations including oncogene activations and immunological effects as well as diverse chromosomal rearrangements and DNA damages (Lechner et al., 1985; Barrett et al., 1989) have been reported. Therefore, although the initial cause of mesothelioma is known, a lot more information needs to be obtained to determine whether there exists a common tumorigenic alteration in mesothelioma which could help in understanding mesothelial carcinogenesis and, ultimately, serve as a starting point for successful therapy.
Abbevio BSA, bovine serum albumin; EGF, epidemal growth factor, EGFR, epidermal growth factor receptor, ELISA, enzymelinked immunosorbent assay; FCS, fetal calf serum; PBS, phosphatebuffered sahne; TGF-a, transforming growth factor a.
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